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1. Introduction 
Polyanions, including heparin, when added to nuclei, 
cause pronounced morphological changes [1-4] which 
have been correlated with increased DNA and RNA 
syntheses [5-8] .  Heparin stimulates also RNA 
synthesis when added to isolated chromatin [7,8]. 
It was proposed that this stimulation results from a 
direct interaction of the anions with histones [2, 
9-11] .  
In this work we report he effect of heparin on 
the individual proteins of chromatin. At low concen- 
tration heparin binds e sentially to histones H2A and 
H2B when added to proteins extracted from chromatin, 
whereas it binds to all histones when added to 
chromatin. At a higher concentration heparin binds to 
all histones whether extracted or bound in chromatin. 
The binding of heparin to all non-histone proteins 
(NHP) requires a much higher heparin concentration, 
suggesting that at least part of the NHP is directly 
associated with DNA. 
2. Materials and methods 
2.1. Preparation of  chromatin and of  chromatin 
proteins 
Liver chromatin was prepared from Wistar rats by 
the method of Reeder and Roeder [12] modified by 
De Pomerai et al. [13]. Proteins were extracted from 
solubilized chromatin by addition of 10 volumes of 
the extracting solution : 7 M urea, 3 M NaC1, 10 mM 
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Tris-HC1 (pH 8.0), 1 mM/3-mercaptoethanol [14]. 
DNA was then removed by a 48 h centrifugation i a 
SW 39 Beckman rotor at 35 000 rev/min. 
2.2. Extraction of  chromatin protein by heparin 
Chromatin samples containing 10 mg of proteins 
were mixed with various amounts of heparin (Sigma) 
for 18 h at 4°C. After a 48 h centrifugation i a SW 39 
rotor at 35 000 rev/min, the supernatant was taken 
out and an aliquot was submitted to electrophoresis. 
The pellet was then extracted with the extracting 
solution as described above. Proteins extracted from 
identical amounts of chromatin were analyzed by 
electrophoresis. 
2.3. Polyacrylamide gel electrophoreses 
Two types of electrophoreses were performed : (a) 
in the presence of 2.5 M urea according to the Panyim 
and Chalkley method [15] modified by Shaw and 
Huang [16] ;(b) in the presence of 0.1% sodium 
dodecyl sulfate (SDS) according to Laemmli [17]. 
3. Results 
3.1. Effect of  heparin on isolated chromatin proteins 
We have studied the interaction of heparin with 
isolated chromatin proteins by its effect in their 
electrophoretic mobility. Heparin was added to 
chromatin proteins at the ratios of 1:10, 1:4, 1:1 
(w/w). Samples containing 200/ag of proteins were 
loaded on polyacrylamide g l and electrophoreses 
were performed either in the presence of urea 
according to Panyim and Chalkley, which allows the 
separation ofhistones from NHP (fig.la), or in the 
presence of SDS according ot Laemmli. 
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Heparin when added to proteins at a ratio of 1 : 10 
has no significant effect on protein migration (fig.lb). 
When the ratio was 1:4, the histones H2A, H2B, part 
of H1 and H3 and a few classes of NHP did not migrate 
(fig.1 c), which probably means that they were bound 
to heparin. With a 1 : 1 ratio, no protein migrated in 
the gel (fig.ld). In the electrophoreses performed in 
the SDS system, the migration of the proteins was 
identical in the presence and in the absence of 
heparin. It is then likely that heparin binds to extracted 
chromatin proteins and preferentially to H2A and 
H2B. 








(a) (b) (c)  (d)  
Fig.1. Effect of heparin on chromatin proteins. Electrophoresis according to Panyim and Chalkley. (a) Control in the absence of 
heparin. (b) Heparin-protein ratio 1:10. (c) Heparin-protein ratio 1:4. (d) Heparin-protein ratio 1:1. 
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Fig. 2. Electrophoreses of the chromatin proteins left in chromatin after the extraction by heparin. Chromatin was first treated 
with various heparin concentrations nd the proteins remaining in the chromatin were extracted by 7 M urea, 3 M NaC1 and 
analyzed by electrophoresis performed according t  Pa yim and Chalkley. Proteins fromnon-treated chromatin (a). Proteins 
remaining after heparin treatment a heparin-protein ratios of: (b) 1:40; (c) 1:20; (d) 1:10; (e) 1:4; (f) 1 : 1. 
3.2. Effect of heparin on chromatin 
Liver chromatin was treated with increasing 
amounts of heparin with ratios of 1:40 to 1:1 (w/w). 
After centrifugation the proteins extracted by 
heparin were submitted to electrophoresis. In the 
urea system, no migration was observed whatever the 
heparin concentration used, indicating that heparin 
was bound to the extracted proteins. 
The proteins remaining in the chromatin pellet 
were extracted with 7 M urea, 3 M NaC1 and analyzed 
by electrophoreses performed according to Panyim 
and Chalkley. 
Heparin at a 1:40 ratio did not extract proteins 
(fig.2b), since the electrophoretic pattern is identical 
to the pattern observed with chromatin on extracted 
with heparin (fig.2a). Heparin at a 1:20 ratio extracted 
histone HI, most of H4 and part of the other histones 
(fig.2c). Heparin at a 1 : 10 ratio extracted most of the 
histones and part of  the NHP (fig.2d). Heparin at a 
1:4 ratio also removed all histones (fig.2e). All proteins 
were extracted by heparin at a 1 : 1 ratio (fig.2f). 
The electrophoretic pattern in the SDS system of 
the proteins extracted with heparin at a 1:1 ratio is 
identical to the pattern observed with the urea-NaCl 
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extract from chromatin ot previously treated with 
heparin. 
4. Discussion 
In this work we have shown that heparin added at 
low concentration to isolated chromatin proteins 
binds preferentially to histones H2A and H2B. When 
added at the same concentration to chromatin, 
heparin removes the four histones H2A, H2B, H3 
and I-t4, suggesting that the conformation of chromatin 
favors the cross-binding ofheparin to several histone 
molecules. Other investigators using polystyren 
sulfonate [11 ] and SDS [19] have selectively extracted 
different classes of  histones. 
A 10-fold increase in heparin concentration is 
required for the extraction of  most of  the NHP from 
chromatin. It is then likely that many NHPs are directly 
bound to DNA, although we cannot exclude that the 
removal of histones produces ome rearrangement of 
proteins on DNA. A direct binding of  most of  the 
NHP to DNA was also suggested by Courtois et al. 
[20]. 
The effect of various heparin concentrations on 
the thermal stability of chromatin is currently under 
investigation. 
Acknowledgements 
This work was supported by grants from the 
Centre National de la Recherche Scientifique, the 
Institut National de la Sant~ et de la Recherche 
M~dicale and the Dd~gation G~n~rale ~i la Recherche 
Scientifique t Technique. 
References 
[1 ] Kraemer, R. J. and Coffey, D. S. (1970) Biochim. 
Biophys. Acta 224, 568-578. 
[2] Miller, G. J., Berlowitz, L. and Regelson, W. (1972) 
Exper. Cell. Res. 71,409-421. 
[3] Cook, R. T. and Aikawa, M. (1973) Exper. Cell. Res. 
78, 257-270. 
[4] Bornens, M. (1973) Nature 247, 257-261. 
[5] De Pomerai, D. I., Chesterton, G. J. and Butterworth, 
P. H. (1974) FEBS Lett. 42, 149-153. 
[6] Ansevin, A. T., Mac Donald, K. K., Smith, C. E. and 
Hnilica, L. S. (1975) J. Biol. Chem. 250, 281-289. 
[7] Warniek, C. T. and Lazarus, H. M. (1975) Nucleic Acids 
Res. 2, 735-744. 
[8] Groner, Y., Monroy, G., Jacquet, M. and Hurwitz, J. 
(1975) Proc. Nat. Acad. Sci. USA 72, 194-199. 
[9] Chambon, P., Ramuz, M., Mandel, P. and Doly, J. (1968) 
Bioehim. Biophys. Acta 157, 504-519. 
[10] Chambon, P., Karon, M., Ramuz, M. and Mandel, P. 
(1968) Biochim. Biophys. Acta 157,520-531. 
[11] BerlowitZ, L., Kitchin, R. and Pallotta, D. (1972) 
Biochim. Biophys. Acta 262, 160-168. 
[12] Reeder, R. H. and Roeder, R. G. (1972) J. Mol. Biol. 
67, 433-461. 
[13] De Pomerai, D. I., Chesterton, C. J. and Butterworth, 
P. H. W. (1974) Eur. J. Biochem. 46, 461-471. 
[14] Chaudhuri, S. (1973) Biochim. Biophys. Acta 322, 
155-165. 
[151 Panyim, S and Chalkley, R. (1969) Biochemistry 8, 
3972-3979. 
[16] Shaw, L. M. and Huang, R. L. (1970) Biochemistry 9, 
4530-4542. 
[17] Laemmli, U. K. (1970) Nature 227, 680-685. 
[18] Panyim, S., Chalkley, R., Spiker, S. and Oliver, D. (1970) 
Biochim. Biophys. Acta 214, 216-221. 
[19] Hayashi, K. arid Ohba, Y. (1974) Proe. Nat. Acad. Sci. 
USA 72, 2419-2422. 
[20] Courtois, Y., Dastugue, B., Kamiyama, M. and Kruh, J. 
(1975) FEBS Lett. 50, 253-256. 
339 
